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STRUCTURES 



Methodi are provided 
for the fabrication of 
polymeric miaochannei 
tummies having enclosed 
niicTOchannels of 
capillary dl mm rice The 
nucrochannel structures 
arc constructed of a base 
member (12) and a cover 
member (14), sealed 
together. A microchaimcJ 
«nicture having walls of a 
plastic material is formed 
in a generally planar surface 
of at least the base member. 
The cover member has 
91 le«t one generally 
planar surface, and the 
fnlcxrxhannel structure 
w enclosed by bonding 
the planar surfaces of the 
cover member and the base 
member together. In some 
embodiments the surfaces 
of the cover member and 
hase member are both of 
plastic material, and are - 

togcm£. l SL y t^ufg rZ^lrX^ * b ^ Iicd ^ ^ of the surfaces prior to bringing the surfaces 
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PCT/US98/06689 

METHODS FOR FABRICATING 
ENCLOSED MICROCHANNEL STRUCTURES 

BACKGROUND 

This invention relates to construction of nricn^dstnictur^foru^mmicroMc 

MicnxW! structures ^ of ^ fof applicadon3 ^ ^ 

• of ^ fluid volumes, ^ tt ^ ^ ^ ^.^^^ 

structure, hiving ch^nd dimensions on the order of one or a few mfllimeten have been used for 
chemical and biochemical assays. 

Ttac structures « typ^ ^ ..^ moiding ^ ^ thcnnoplastic 

Polymers. Injection molding is an economical process, and a variety of thermoplastics having 
good optical and mechanical properties can be by mjection molding to form the 

destred structures. Tne injection molding process involves introducing a molten thermoplastic 
matenal mto a mold cavity, and then cooling the cavity to solidify the resin. In the case of 
formmg rmcrochannd structures, a mold having the negative pattern of the desired channel 
"noctures must be created. Conventional tooling methods can be used to create molds for 
channels having dimensions as small as about I mm. Typically, enclosed rmcrochannels are 
deared for the final structure. A common method for enclosing microchannel structures formed 
- Pl-ncs is to join a base and cover substrate using some wdding. m addition, certab adhe^ 
can also be used to join the base and cover substrate. 

It has become desirable to create rnicrochannel structures having capillary dimensions, 
>.e havmg dimensions ranging*™ less than , micron to upwards of, mm These structures are 
ofmterest for manipulating very small fluid volumes through the application of electric fields to 
perform electrofluidic, /,.. the movement of fluids in microchannels utilizing electroldnetic 

of mdrwdual charged particles or molecules in response to the apphcation of an electric field to 
-«-e solution. Electroosmotic flow isabufc fluid flow 0 ndividual ions P ,us solvent molecules) 

bulk fl.d flow is a function of the charge on the wall of the channel, as wdl as the v,scosity of 
the solution. Both EOF and electrophoresis can be used to transport substances from one point 
to another within the microchannel device. 

To create miaochannels having capiHary dimensions, photolithography in siheon or glass 
substrates has been employed. U.S. Pat. No. 4,908, 1 12. U.S. Pa, No. 5.250.263. In 
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thc case of fused silica, these structures can be enclosed by anodic bonding of a base and cover 
substrate. 

Although microchannd structures of such materials have been produced, it would be 
much more economical, and therefore desirable, to produce structures of capillary dimensions in 
polymeric materials or plastics. However, the conventional methods for forming and enclosing 
channds in plastic do not provide the accuracy and precision required for structures of capillary 
dimensions. For example, when using sonic welding, hearing and deformation may occur in the 
channd regions. When the edges of a sonic wdd are uneven, poor dectrofluidic performance 
may result Furthermore, sonic wdding of highly defined intersections of capillary dimensions is 
not easily accomplished with adequate fidelity. Similarly, with conventional adhesive methods, 
the adhesive material may flow into and plug the channds. 

Thus, there is interest in the devdopment of new methods of fabricating polymeric 
microstructures, specifically in new methods of sealing the cover and base plates together, where 
such new methods do not resuk in deformation or filling in of the microcnannds endosed in the 
structure. Ideally, such methods should be simple and readily reproducible so as to be suitable for 
large scale manufacturing. 

U.S. Pat No. 5,376,252 to Eckstrom et al. describes a process for creating capillary size 
channels in plastic using dastomeric spacing layers. Ohman International Patent Publication WO 
94/29400 describes a method for producing microchannd structures involving the application of 
a thin layer of a thermoplastic material to one or both of the surfaces to be joined, men joining 
the surfaces and heating the joined parts to mdt the thermoplastic bonding layer. 

SUMMARY OF THE INVENTION 

Methods are provided for the fabrication of polymeric microchannd structures having 
endosed microchannds of capillary dimension. The microchannd structures are constructed of a 
base plate and a cover, sealed together. Microchannd structures having walls of a plastic material 
are formed in a generally planar surface of at least the base plate. The cover has at least , 
generally planar surface, and the microchannd structures are endosed by bonding the pla 
surfaces of the cover and the base plate together. The microchannd structures according to the 
invention find use in a variety of applications, particularly in dectrofluidic applications. 

Approaches to sealing the cover and base plate according to the invention indude thermal 
bonding of the base plate and cover surfaces, and use of a bonding material between the base 
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formulations of two reactive components. Elastomeric bonding materials can be used in contact 
adhesive formulations, in which one or more small molecule components are admixed to provide 
tack; the do not require application of pressure to establish bonding. Or, dastomeric bonding 
materials can be used as pure elastomers to provide closure of the microchannel structures and to 
seal small irregularities in the generally planar apposed surfaces by application of pressure to 
exploit the compressibility of the elastomeric materials. 

In some preferred methods according to the invention, the bonding process results in 
imerpenetration into the two apposed planar surfaces, providing a stable sealed interface between 
the base plate and cover. Where a bonding material is used, a thin film or layer of the bonding 
material at the interface results. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Eg. 1 is a dia gr a mm a ti c sketch in plan view of a base plate having a microchannel 
structure on one surface, which may be bonded to a cover according to the invention. 

Rg. 2 is a diagrammatic sketch in sectional view thru the base plate of Fig. 1 at 2-2. 

Fig. 3 is a diagrammatic sketch in plan view of a cover having a film of a bonding material 
on one surface, which may be bonded to a base plate according to the invention. 

Fig. 4 is a diagrammatic sketch in sectional view thru the cover of Fig. 3 at 4-4. 

Fig. 5 is a diagrammatic sketch in perspective view of a closed microchannel device 
fabricated by apposing and bonding the cover of Figs. 3, 4 onto the base plate of figs. 1, 2 
according to the invention. 

Fig. 6 is a diagrammatic sketch in sectional view thru the microchannel device of Fig. 5 at 

6-6. 

Fig. 7 shows results of electrophoretic separation of fragments in the HAE III digest of 
*X174 RF DNA in a sealed plastic PMM A/Mylar™ microchannel structure. 

Fig. 8 shows results of electrophoretic separation of fragments in the HAE 111 digest of 
0X174 RF DNA in a sealed plastic PMMA/PDMS microchannel structure. 

Fig. 9 provides results of electrophoretic separation of single stranded DNA fragments 
having sizes from 50 to 500 bases at 50-base intervals in a thermobonded PMMA/PMMA 
microchannel structure. 
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having sizes from 35 to 500 bases in aPMMA/PMMA , 

t . . j i-MMA/PMMA nucrochannd structure bonded using a 

thermally tctiv«ted porymerirabk bonding materiaL 

DETAILED DESCRIPTION 
^•doct^cfli e , M ^ lteMdvet "•.ram.ed 

(usaaUy the depA of u. ^ ^ somewta 

^"^^•H^beb^u^.^.^ 
Rq»™^ for ^ mc0lraire>mlierdesajbed ' 

62854) and08/«90,307(A-62855). «.•«»(* 
planar surfaces are apposed. One part is referred to as a base plate, and the other is referred to as 



WO 98/45693 



PCT/US98/06689 



10 



15 



20 



25 



30 



a cover. The planar surface of the base plate include, one or more microchannds, while the 
planar surace of the cover may or may not include one or more microchannds. The cover may be 
a more or less rigid plate, or it may be a film, and the thickness of the cover may b* different for 
matenals having different mechanical I^pcrties. Usually the cover ranges m thicb,ess fi^m at 
least about 200 urn, more usually at least about 500 um, to as tWck as usually about 5 mm or 
tmdeer. more usually about 2 mm. The cover substrate may be fabricated from a single material 
or be fabricated as a composite material. In some embodiments the cover is of a plastic material, 
and h may be rigid or dastomeric. 

Both the base and cover substrates can be fabricated using any convenient methodology 
such as molding, casting, extrusion sheet forming, calendaring, thermoforming, and the like 
Surtable base and cover substrates for use in the subject invention are further described in U S 
Pat Apphcations Serial Nos. 08/615,642 (A-63053-t), 08/853,661 (A-62852-2), 08/715 338 
(A-62854) and 08/690,307 (A-62855). 

Any of a variety of microchannd patterns, device shapes, and substrate materials can be 
used to construct and assemble the components of the rrricrofluidic systems according to the 
tnvetmon, so long the device indudes at least a generally planar base plate containing 
imcrochannds constructed of a plastic material For example, a base plate and cover plate 
constructed of a plastic material can be bonded together directly (for example by thermal 
bonding), or by use of an adhesive layer. Or, a base plate constructed of a plastic material, in 
whrch the nricrochannels are formed, can be covered with a glass plate to enclose the channels 
and sealed with an dastomeric film of, for example, a silicon or poryurethane elastomer Glass' 
provdes improved dissipation of heat and better optical properties, as compared with plastic. Or, 
the device can be formed as a laminate (sandwich structure). 

Construction of microchannd structures by bonding a base plate and a cover according to 
the nrvention will now be further described by reference for illustrative purposes to figs 1 - 6 in 
which F,gs. 5 and 6 show an assembled microchannd device 10 made by bonding a base member 
or plate 12, shown in plan and sectional views in Eg, 1 and 2 to a cover member or cover 14 
shown m plan and sectional views in F.gs. 3 and 4, using a bonding material 16. As will be 
appreoated, the drawings of the exemplary microchannd structures are not to scale and, in 
particular, certain dimensions (for example the thicknesses of the base plate, the cover and the 
bonding material layer, and the si.es of the microchannds and reservoir holes) are shown in 
extremely exaggerated scale. 
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B^or S ub*x a *Uh* sa pW Ju ^ 13 ^ 
including intersecting linear nacrochannd, 21, 23. At the end, of the channd, ho.es 22, 24 26 
28 are bored through, to provide reservoirs for fluid, to be moved within the duumds 
Technique for fbnning the uncrochannd struct in the base pla* a,, disdc*ed, for example, « 
U.S. Patent Appucation Ser. No. 08/853,661 (A^852,2). The microchanneb as fonned in the 

plate, the microchanaeU are not fully enclosed. 

Cover II has a generally planar surface 15, opposable onto the cfaannd-bearing surface 
13 of planar member or base plate 12, onto which a thin film 1 6 of a bonding material is applied 
MicroChannel device 10 is fonned by apposing the surfaces 13, 15 whh the bonding materia, 
between them. A, a result, the -*»d^ M . a „ ^ ^ ^ ^ ^ ^ 
base plate surface 13, and a fourth wall formed by the cover U, wim „ c bonding rnaterial film 
16 constituting the surface of the fourth microchannd walL 

Reservoirs fonned as described above are open on a surface of the base plate opposite 
the -rfcee apposed to the cover. Other constructions may alternatively be employed for 
prying reservoirs. For example, holes can be bored only partway through the base plate at the 
=nds of the channels, so that the reservoirs are not open on the opposite surface of the base plate- 
and holes can be bored or cut through the cover, aligned with the reservoirs. Liquids can be ' 
added to reservoirs formed in this manner can by fflung through me holes in the cover, rather 
than from the opposite side. 

In a method employing a curable bonding material according to the invention, a bonding 
matenal is applied onto a planar surface 15 of the cover material 14 to form a layer or film 16 
The bondmg material may be, for example, a fluid curable adhesive, or a fluid component 
rcacave whh the cover material ,4 and/or with the base plate material 12, a meltable adhesive 
film, or a cured elastomeric film that provides physical or chemical characteristics to bind to the 
base plate in which at least one microchannd is formed. 

Some care must be taken to apply the bonding material as a layer or film that is 
suffice thick and uniform to ensure that a continuous strong bond can form between the 
cover and the base plate at all points adjacent all the microchannels; and not so thick that too 
much of ^ bonding ^ ^ ^ ^ d . spiaced ^ ^ ^ 

the channel shape or dimensions. Anideal thickness for the bonding materia, layer or film will 
accordingly be different for different bonding materials. In practice, generally, the bonding 
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material usually is applied to a thickness at least about 0.5 urn, in some embodiments at least 
about 1 um, and in still other embodiments at least about 2 urn. 

The bonding material layer or film may be applied to the surface using any convenient 
means suitable for application of a fluid layer to the surface of substrate Such means finding use 
in the subject method therefore include; spin coating, dip coating, knife coating, drawing, rolling, 
mechanical spraying, itemization, patterned discharge, stamping, silk screening, lamination and 
the Eke, with the particular method employed being at least partially dependent on the nature of 
the substrate, e.g., patterned discharge, stamping and lamination techniques being suited for use 
with flexible substrate materials. 

As mentioned above, in some embodiments the apposed surfaces of the cover and base 
plate are bonded together according to the invention using a liquid curable adhesive. In these 
embodiments the adhesive is applied to one surface as a thin film. Accordingly, suitable fluid 
curable adhesives are flowable, having a viscosity in the range about 50 cp to 15,000 cp, usually 
about 50 cp to 10,000 cp, and more usually about 100 cp to 5,000 cp, where the viscosity is the 
viscosity of the material as measured at a temperature between about 15 °C and 50 X. 

Any of a variety of bonding materials can be useful in constructing microchannd 
structures according to the invention Curable bonding materials can be particularly useful. 

Curable bonding materials include materials applicable to all or a part of the substrate 
surface as a layer, coating, film, efe, which upon application of energy result in formation of a 
durable stable interface material between the cover and the base materials. The durable stable 
interface material can be formed by covalent bonding, or interpenetration of the surface 
materials, or strong physical interaction, or by some combination of these. The energy can be one 
or a combination of heat, light, or other radiation including infrared or microwave radiation, for 
example; electron or other particle beam, and the like. 

In some embodiments, where the movements of fluids or the progress of reactions within 
the microchannels are to be detected by means of light transmitted from the sample materials 
within the microchannel structure out through the cover or through the base plate, certain optical 
requirements must be met. Preferred modes of light detection may be based for example on UV 
and visible, luminescence and fluorescence responses of the sample material to incident radiation. 
For example, any material used in fabricating the cover, the base plate, or the bonding material 
on an enclosing wall of the microchannel should have good optical transmittance, generally 
allowing at least about 50 %, in some embodiments at least about 20 %, and in still other 
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» the fidd of fluorescence detection and through which light ^ ^ ^ low 

detection of the signal from the sample material. 

! ^ ^ « » the. invention iadude polymerizablc adhesive, 

and activatable adhesives. 

Poryrnerizable adhesive, are those adhesive, made up of ^lymerizable component, 
mcruding monomenc, ohgomeric and low molecular weight polymeric compound, where 

80mCnC 1<W P°«y»cric compounds present in the adhesive materials will 

genendiy have a molecular weight that does not exceed about 10^ and usuatty does not exceed 
*out 10>. and more usually does not exceed about 10 5 . The material .nay comprise one or a 
piurahty of different types of poiyrnerizable components, where when . plurality of different 
type, of poiyrnerizable components is present in the adhesive, the number of different 
components will generaDy not exceed 5 and will usualfy not exceed 3. TTxe porymerizable 
components present in the polymeria adhesives may be po.ymcrizable by exposure to one or 
more of radiation («,. dect™ beam, W radiation, microwave radiation, y-radiation), and/or 
beat, „ wfll be described in greater detail below. A variety of poiyrnerizable components may 
find use in the subject materials, based on any mode of polymerization mechanism funding 
condensation, free radical ionic, ring opening) where the components may be acrylic 
methacrylic cyanoacryiic, epoxide base, two-component epoxy adhesives, two-component 
umhane adhesives, and the like. Specific poiyrnerizable components of interest include 
meti^thacrylate, ethylene glycol methacryiate, tetraethylene glycol methacrylate, cyano 
aaylate, uretheane preporymers and diols, epoxy^ntaining prepolymers with amines, and the 

" t PO,ymCri2able compounds will generally make up 

at least about 1 %, usually at least ahoiit fo/ „„,, 

at least about 5 /., and more usually at least about 10 % by weight of 

the bonding material 

THe porymerizable adhesive may include, in addition to the polymerizab.e components 
one or more addhional agents. One agent which may find use, depending on the particular 
adhere employed, is a polymerization agent, where such agents include photosensitizers, 
Photonutiators, thermal initiator,, and the like. Typical photosensitize, include the thioxantone 
denvattves; typical photoinitiators include benzophenone derivatives; and typical thermal 
■nruators include the family of peroxy, perester, and azo initiators. When present, such 
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polymerization agents will generally not make up more than about 5 %, usually about 1 •/. and 
more usually about 0.5 •/. by weight of the bonding material. 

Certain suitable polymerizable adhesive materials are commercially available, including 
for example (from Summers Corp, Fort Washington. PA): J9 1 (a subcomponent UV curable 
adhestve having a viscosity (uncured) of 250-300 cP; P92 (a smgle-component UV curable 
photopolymcr having . viscosity (uncured) of 900-1400 cP; SK-9 (a single-component modified 
acrylate/mcthaaylate photopolymer having a viscosity (uncured) of 80-100 cP; DC-90 (a hybrid 
two-component UV sensitive cement having a viscosity (uncured) of 275-320 cP; EK-93 (a 
thixotropic two-component epoxy system having a viscosity of 25,000 cP; and (from Locthe 
Corp., Rocky Hill, CT): Depend 330 (a two-part mix acrylic thermocurable adhesive having a 
viscosity (uncured) greater than 10,000 cP. 

Activatable adhesive* finding use in the methods of the invention are those adhesive* 
which include activatable polymeric compounds in combination with a carrier liquid Depending 
on the particular adhesive, the polymeric compound may be dissolved in the carrier liquid {i.e., 
the carrier liquid is a solvent for the polymeric compound) or dispersed in the carrier liquid, such 
that the adhesive material is an emulsion or suspension of the polymeric compound in the carrier 
liquid. The number of different activatable polymeric compounds in the activatable adhesives may 
range from 0 to 3, and usually range from 0 to2, more usually from 0 to 1. The activatable 
polymeric compounds will typically make up at least about 0 %, usually at least about 5 % and 
more usually at least about 10 % by weight of the adhesive. 

An activatable polymeric compound is a polymeric compound that is capable of being 
treated so as to serve as an agent capable of bonding or sealing two substrates together. 
Activatable polymeric compounds include compounds comprising activatable functional groups 
where illustrative activatable functional groups include groups that can form strong interactive 
forces wrth the surface of the base substrate. Specific applicable groups can be hydrogen bonding 
fomung groups such as the urethane containing polymers or halogen containing polymers, such 
as oolyvmyl chloride. The activatable polymeric component includes small molecular weight 
polymers that upon application of heat or pressure diffuse or penetrate into the surface of the 
base material, creating sufficient physical adhesion to maintain the integrity of the microchannel 
structures. Activatable polymeric compounds include rubbery clastomeric materials such as, for 
example, silicone gums and resins, the styrene-butadiene copolymers, polychloroprene. neoprene, 
and the nitrile and butyl containing elastomeric polymers; polylacrylics; polyurethanes; 
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polype; phenoxics; poh^^, Spedfic acdv7ltabIc 

for example; ^ ^ ^ ^ 

^^^^whictcant.tbennc^^^^^ 
»Wc structure, urcthane ^ ^ ^ 

' aStenCil0a ^ °*<^ groups, such as the acylates; ^ nitlilc 

comaanng polymers, winch provide strong q^-crosdiiukcd intennolecular structure, by 
dipole-dipole interaction of the nhrfle groups. 

of tJZrZ C ° ,aPOne0t ° f ^ ^ - BU -ybeanyofavariety 

of different I^uds, where the Hquid is a liquid that is readily separable from the polymeric 
compound following application of the adhesive to the surface of the substrate. Illustrative 
^^^^^^^^^^^^^^ 

25 /. and more usually at least 5 •/,, by weight of the adhesive material. 

Other components which may be present in the activatable adhesive include reaction 
cithern* inma*^ 

does not exceed 1 %, by weight of the adhesive material. 

Following application of the layer of fluid curable adhesive to the surface of the substrate, 

« tluclcened so that the viscosity of adhesive 1^ wiB be moe^ to at least about 10> cP in 
some embodiments at least about 10< cP and in still other ernbodiments at least about 10' cP The 
manner by which the adhesive layer is rendered non-flowable will depend on the nature of the 
adhesive employed. 

y » a. — * « u« *«, 75 h «, „„,„,„„ „„„ 95 ^ nM more 

*- » % of «. ^ „ ^ po| ^ on _ ^ 

—g «r cooventa, ^ incIodillg tat ^ ^ ^ ^ 

For d* .dj,^ lhe ^ ^ ^ ^ ^ ^ ^ 
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accompllshed using any convenient means, including evaporation, which may be carried out 
under low pressure, and the like. 

After the applied layer has been rendered non-flowable, the surface of the first substrate 
(eg., the cover) comprising the adhesrvc layer will then be contacted with the surface of the 
second substrate (eg., the base plate) in which the microchannel or microchannds are formed. 
To assist in ensuring sufficient contact, pressure may be employed, as convenient 

Following contact, the thickened adhesive wffl be cured, resulting in the bonding of the 
first and second substrates and the production of a sealed microchannel structure. The manner by 
which curing of the thickened adhesive is accomplished will depend on the type of adhesive 
employed. Thus, for porymcrizable adhesives, the adhesive layer will already be partially 
polymerized and final curing may be accomplished by one ore more of exposure to radiation, 
heat, light and the like. Alternatively, for the activatable polymeric adhesives, the adhesive layer 
positioned between the first and second substrates will then be treated to activate the adhesive 
where treatment could include exposure of the layer to radiation, heat, and the like, depending on 
1 5 the particular nature of the adhesive. 

Where desired the above method may be further modified to include a substrate 
pretreatment step prior to the application of the adhesive to the substrate. Pretreatment steps that 
find use include exposure of the substrate, either the first or second substrate, to a cleaning 
and/or abrasion agent, etching agent, e.g plasma, corona, chemical, and the like, where such 
pretreatments provide for improved wettability of the surface of the substrate by the adhesive 
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EXAMPLES 

The following examples are offered by way of illustration and not by way of limitation. 

Example 

This Example illustrates fabrication of a microchannel structure made up of a 
polymethylmethacrylate base plate bonded to a polymethylmethacrylate cover using a 
photocurable acrylate bonding material in a two-step curing process. 

In this example, the bonding material is prepared as a blend of linear low molecular 
wetght polymethylmethacrylate (MW = - 10*. 5 - 30 % w/w) dissolved in a mixture of 
methylmethacrylate monomer (60-95 % w/w), allylmethacrylate (1-5% w/w), and 0.5% w/w 



15 



20 



25 



30 



WO 98/45693 

PCT/US98/Q6689 

-13- 

2-hydn^-2,2-<l^ yIactDphaionc (Danx^llTB, EM Industries) as a polymerization 
initiator. Using spm cc*^ tools, a thin layer (1 - 10 ,m) of mis bonflng material is 
^ to tbc flat cover ptoc ^ of polyxnctfayUn^^ (PMMA). T*e coated cover is 
«P«cd for 10 - 30 seconds to a 15 watt fluorescent 1^ at 1 ind, ftom tno surfic. With 
• ^^^thinfflmhasan^ 

a PMMA base plate with microchannel structures. The base plate is aligned and firmly 
posuio^o^^ 

* 10 ** of and complete the bonding process by 

cunng the acrylic interface under a 15 waa fluorescent lamp at 1 inch from the snrmce for 1- 
^our, TT* final cured interlace provides a crosslink, optically transparent cement 
between the cover and base plates, with good ^ «,n^ to me cover pla te and open 
channels for analytical applications. 

Example *> 
bonding material. 

m«K. moMng ttc,,^ ^ .op^, rtcra:tal ^ m 

polymer (Atc-Haas, P^-vrcaU-.oo). r« miorocham*! h ^ 

corresponds to two crossed linear channels of dimensions 2 dn and 5.5 cm in length 
lively. Tie eharmel, have a napezoidal cross-section, with widths ^ ^ ^ 
,m and aboo. 30 m ^ ^ m a ^ ^ ^ ^ ^ At ^ ^ ^ ^ ^ 

W- 3 - in diameter were drilled ^ ^ ^ pbte „ ^ „ bufferresem)in ^ 
«• — * thermal lammadon „ . 2 „„ ^ ^ of 

^y-aenva*, adhesive (McoKote- made by Top High. Co., a. ,05- C for 5 minutes 
Elides of 76 micron diame*, ^ ^ M „.„ „ 

(Wawon Electronics, No prerrearmentorcoadng pitxe ^ _ ^ ^ 

— — . Tne microchanne, coveted tnis way has three walls whc<e surface, are of 



WO 98/45693 

PCT/US98/06689 

-14- 

acrylic polymer, formed from the base plate, and a fourth wall whose surface is formed of the 
MoaoKote adhesive. 

Example ? 

This Example illustrate, separation of the fragments in the a<£ 7/7 digest of *X174 
RF DNA by capillary dectrophoresis in a sealed plastic PMMA/Mylar™ rnicrochannel 
stnicturc fabricated as described in Example 2. 

DNA separations were done in a sieving matrix consisting of 0.5% (w/v) 
hydroxyethyleellulose (HEC, MW 90,0000-105,0000), dissolved in 0.5X TBE with 2 5 
A^g/mL cthidium bromide. A sample of Hat m digest of *X174 RF DNA with fragments 
rangxng in size 72 to 1354 base pairs previously diluted in run buffer was injected in the 
separation rnicrochannel. After sample injection, separation of double stranded fragments was 
performed at an effective field strength of 190 V/cm. Fragment detection was performed 
through the PMMA base plate, using a fluorescence microscope (Olympus America) with 
photometer detection system (Photon Technology International). Excitation was derived from 
a dcutenum lamp and delivered to the separation channel through a dichroic cube with 530 
nm excitation filter, a 560-580 nm dichroic mirror, and a 590 nm long pass emission filter 
Representative results of this separation are shown in Fig. 7 for an effective separation length 
of 4 cm with a total separation time of 2.6 minutes. 

Example 4 

This Example illustrates fabrication of a rnicrochannel structure made up of a 
polymethyunethacrylate base plate covered with a film composite of a polyethylene (PE) and a 
polydxmethylsiloxane (PDMS) elastomeric material in a two-step curing process. 

In this Example, the cover film was prepared by applying a thin coat (about 100 M m) of 
Sylgard 184 (PDMS, Dow Corning) to a 2 mil thick polyethylene film (Barrier Films). Tne 
elastomeric layer of PDMS was pre-cured for 30 minutes in air at room temperature The 
resultrng pre-cured PE/PDMS composite was applied to a polymethylmethacrylate 
m 1C rochannel base plate made by injection molding as described in Example 2, and the PDMS 
allowed to cure further for 24 hours at room temperature. No pretreatment or coating 
procedure was applied to the walls of the microchannel. The microchannel constructed this 
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wayh^ three walls whose surface are of acrylic poller, formed from the baseplate^; 
fourth wall whose surface is fonncd of the PDMS elastomeric material. 

Example^ 

This Example illustrates separation of the fragments in the HAE in digest of *X174 
RF DNA by capillary electrophoresis in a sealed plastic PMMA/PDMS microchanncl 
structure fabricated as described in Example 4. 

In this Example, the experimental parameters and conditions for the electrophoresis 
separation and detection of the Hoc 77/ digest of *X174 RF DNA fragments under non- 
denaturing conditions were as in Example 3. Results of the separation using the 
PMMA/PDMS micrcchannel structures arc shown in Fig. 4. In this Example, separation of 
the eleven double stranded fragments was achieved in 5.0 nunutes of total separation time. 

Example 

For this example, PMMA/PMMA rmcrochannel structures were prepared using an 
inject™ molded nucrochannel base plate prepared generally as described in Examples 2 and 
3. A flat PMMA plate injection molded using the same procedure was used as the cover plate 
to enclose the miaochannel structure. Physical b<^g between me base and cover plates 
was aclueved using a thermobonding procedure carried out generally as follows. The 
rmcrochannel base plate and the flat cover plate were mounted together in a mechanical 
fixture that allows plate heating and mechanical encasing of the two plates under pressure. 
For bondmg, the fixture containing the nucrochannel cassette structure was heated to 104 'C 
at a rate of 1 'Omn in an oven. The temperature was then rnaintained 104'C for 2 hours 
Dunng this time, the two plate surfaces meltd and fused to each other. To complete the 
bondmg, the temperature was reduced to room temperature at a rate of 1 -C/min. Then the 
fixture was opened and the PMMA/PMMA micrcchannel structure was removed. In the 
resulting micrcchannel containing cassettes, the channels are limited by four acrylic walls 
produced from the same acrylic injection molding resin. The walls are well-bonded, allowing 
the loading of viscous solutions under 100-200 psi pressure using a syringe adapted into the 
well opening of the miaochannel. 

As a demonstration of the separation of single stranded DNA fragments in such a 
thermobonded PMMA/PMMA structure, sieving gels were prepared as a solution of a linear 
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polymcr (4.5 % by wt, MW=3 x 1(f) in 7 M urea and IX TBE buffer. The separated 
fragments of DNA correspond to a Cy5 fadodicarbocvaninc dye amidite, Biological 
Detection Systems, Inc.) labeled DNA Size Marker of single-stranded fragments ranging in 
size from 50 to 500 bases, separated by exactly 50 bases (Phannacia). Hectrophoesis was 
performed at 150 V/cm, with an effective channel length of 4 cm for 16 minutes. Detection 
was achieved using confocal fluorescence detection with He/Nc laser excitation (EX:633 nm) 
and emission at 670 nm. Figure 5 provides an example of the electrophoretic separation of 
single stranded DNA fragments obtained under these experimental conditions. 

Examplr. 7 

This Example illustrates fabrication of a microchannel structure made up of a 
polymethylmethacrylate base plate bonded to a polymethylmethacrylate cover using a thermally 
curable bonding material in a one-step curing process. 

In this example, the bonding material is prepared as a mixture of linear low molecular 
weight polymethylmethacrylate (MW = 10 s - 10*. 5 - 30 % w/w) in methylmethacrylate 
monomer (70-95 % w/w), and t-butylperoxypivalate (tBPP, Lupersol 11-Pennwalt) as a 
thermal polymerization initiator. Using spin coating tools, a thin layer (1 - 10 M m) of this 
bonding material is applied to a flat cover plate made of polymethylmethacrylate (PMMA). 
The base plate is aligned and firmly positioned over the cover plate to form a base-to-cover 
sandwich in a fixture, and pressure is applied using the fixture (50 - 150 psi) to maintain the 
contact of base-uxover. The assembly of base-to-cover is carried out in a manner that avoids 
overflow of the channels with the bonding material. The bonding process is completed by 
curing the acrylic interface at 70 "C. for 1-2 hours. 

Example ^ 

This Example illustrates fabrication of a microchannel structure made up of a 
polymethylmethacrylate base plate bonded to a polymer film cover using a thermally curable 
bonding material in a one-step curing process. 

In this Example a process similar to that of Example 6 is employed, by substitution of 
a cover film of 50-500 „m thickness for the PMMA cover plate. Films made of hydrocarbon 
based polymers (e.g., low density polyethylene, amorphous polypropylene), fluorinated 
polymers (e.g. , polytetrafluoroethyiene), or copolymers or blends of such polymers are 
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suitable f OT this proce*^^ 

(fluorescence and UV) detection through the cover. Chemical bonding of the acrylic base to 

for example using a fine tsunt brush or rollers, or autornaiically , for example using roll 
coatm or float coalers. 

Example 9 

In this example, the bonding material is prepared as a blend of linear low molecular 
waght Polyn^ylrnethacrylate (MW = 10> . l( f, 5 - 30 * w/w) dissolved in a mixture of 
methyin.ethacrylate monomer (60-95 % w/w), allylmethacrylate (1-5% w/w), and 0.5% w/w 
2^xy-2,2-<li m ed iy lactopha 1 onc (Darocure-1173, EM Industries) as a polymerization 
Photouuoator. Using spin coating tools, a thin layer (1 . 10 M m) of this bonding material is 
apphed to the flat cover plate mad, of pohymetl^cthacrylate (PMMA). The coated cover is 
«posed for 10 - 30 seconds to a 15 watt fluorescent lamp at 1 mch r^m the surfece. Whh this 
pre-cunng step, the thin film has a non-flowable consistency, tacky toward the surface of a 
PMMA base plate with microchannel structures. The base plate is aligned and firmly positioned 
over the cover plate to form a base-tc^over sandwich, and 50 - 150 psi of prepare is applied to 
-mtain the contact ofbase-to-cover and complete the bonding process by curing the acrylic 
-terface under a 15 watt fluorescent lamp at 1 inch from the surface for 1-2 hours. The final 
cured interface provides a crosslinked, optically transparent cement between the cover and base 
Plates, wrth good wall contact to the cover plate and open channels for analytical applications. 

Examp | c 10 

This Example illustrates fabrication of a microchannel structure made up of a 
. Polymethyh.ethacryfate base plate bonded to a polymethylmethacrylate cover using a thermally 
arable bonding material using a one-step curing process. 

A chemical bonding material was prepared as a mixture of linear low molecular weight 
potymethylmethaoy.ate ( Mw= ,0>- 10«. ,5«/. w/w) in methylmethacrylate monomer (85 % 
w/w). and t-butylperoxypivalate (tBPP. Luperco, 1 1, Penwalt) as a thermal polymerization 
initiator. 
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The rniaochannd aructure was prepared from a base plate b which microchannch were 
formed, with recess wdh boned partway through the base plate at the ends of the channds. The 
cover plate is provided with 2 mm diameter holes that ahgn wxth the nccess wdls at the ends of 
the channds when the cover plate and base platen tprwsed. The base plate and cover plate 
were made by Section molding from a porymethylmetnacrylate resin (AtoHaas V825-NA100). 
After careful cleaning of the bonding surfaces with a surfactant containing solution, the curable 
bonding solution prepared as described above was applied onto the cover plate using standard 
spin coating equipment at 2000 rpm for 5 sec. The base plate was then carefully aligned onto the 
coated cover, with the apposing generally planar surfaces face-to-face. The sandwich structure 
assembled this way was then placed in a bonding fixture, configured to apply uniform pressure 
throughout the assembled structure. The interface layer is allowed to cure between the two plates 
under pressure of 40 psi fa the fixture at 70 «C in an oven for two hours. After this curing 
process, the fixture containing the structure is cooled, and then the bonded microchannel 
structure is removed from the fixture in its final functional form. 

The channel pattern used in this Example has a crossed-channd configuration, with 
reservoir wells at the ends of the channels. The shorter channd has a segment of length 0.4 cm 
from the well to the intersection on one side, and a segment of length 1 .0 cm from the well to the 
mtersection on the other side. The longer channel has segments of lengths 1 cm and 5 cm 
respectively from the well to the intersection. The channd cross-section has an asymmetrical 
trapezoidal shape of about 40 um at the bottom of the channd and about 100 urn at the top of 
the channd. The channd depth after bonding was 35 urn as measured in scanning dectron 
micrographs . 

Example 1 1 

This Example illustrates separation of a DNA ladder under denaturant conditions by 
capillary electrophoresis in a sealed plastic PMMA/PMMA microchannel structure constructed 
as decribed in Example 8. 

Without any preconditioning of the microchannd surface, the microchannds were filled 
with a 5 % linear polyacrylamide (MW = 2 - 3 * 10*) solution in 1 xTBE buffer and 7 M urea 
usmg a pressurized syringe loading device with liquid tight connections to the wdl at the end of 
the long arm of the long channd. A solution of GeneScan 500 DNA ladder with tagged TAMRA 
label was electrokinetically injected into the channd ^section from the short arm of the short 
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CWL ^ * P1UB WM at the channel interaction, a separation vohage of 200 

V/cm was applied between the two wells of the long channd using platinum wire electrodes 
(76 um). Detection of the separating bands in the longer segment of the longer channel was 
performed using a fluorescence microscope (Olympus America) whh photometer detection 
system (Photon Technology International). Excitation was derived from mercury lamp and 
delivered to the separation channel through a dichroic cube with 535-550 nm excitation filter, a 
560-580 nm dichroic mirror, and a 570 nm long pass emission filter. 

Representative results of separations «nade m thb way are shown m 10. The effective 
length of the separation is 4 cm, and separation was aducved ma total separation time of 7 5 
nunutes. The GeneScan 500 ladder sample contain, 1 6 DNA fragments with different number of 
mcremental bases from each figment Fragment separation of fragments differing by 10 bases 
are labeled in the dectropherogram ofF.g. 10. Normalized single base resolution was calculated 
at between 0.3 and 1.2 for the 35 to 500 bases separation range. 

It is evident from the above results and discussion that improved methods for fabricating 
polymeric microchannd structures suitable for use in dectrofluidic applications are provided. By 
usmg the subject methods, cover and base plate components of the structures can be sealed 
together without deformation, partial or complete dogging of the endosed microchanads. 

All publications and patent applications dted in this specification are herein incorporated 
by reference as if each individual publication or patent application were specifically and 
mdrvxdually indicated to be incorporated by reference. The citation of any publication is for it 
Asdosure prior to the filing date and should not be construed as an admission that the 



its 

present 



ior invention. 



mvenuon rs not entitled to antedate such publication by virtue of prio 

Although the foregoing invention has been described in some detail by way of lustration 
and example for purposes of clarity of understanding, it is readily apparent to those of ordinary 
doll m the art in light of the teachings of this invention that certain changes and modifications 
may be made thereto without departing from the spirit or scope of the appended claims 
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CLAIMS 

What is claimed is: 

1. A method for constructing an enclosed microchannd structure having at least 
imcrochannel, the method comprising providing a base member of a plastic material having at 
least one generally planar surface, providing a cover member having at least one generally planar 
surface, forming at least one microchannel in at least one of said planar surfaces, apposing said 
planar surface of said cover member and said planar surface of said base member and causing 
formation of a stable interface between said apposed planar surfaces. 

2. The method of daim 1 wherein said planar surface of said cover member is 
fabricated of a plastic material and wherein said step of causing formation of a stable interface 
comprises pressing said apposed surfaces together and heating said members for a time and to a 
temperature sufficient to bond said surfaces together. 

3. The method of daim 1 further comprising a step prior to said apposing step of 
applying a bonding material to at least one of said planar surfaces. 

4. The method of claim 3 wherein said bonding material comprises an dastomeric 
adhesive material. 

5. The method of daim 3 wherein said bonding material comprises a thermo-mdting 
bonding material and wherein said step of causing formation of a stable interface comprises 
heating said bonding material to a temperature and for a time suffident to mdt said bonding 
material and then cooling said bonding material between said apposed surfaces to permit the 
bonding material to harden. 

6. The method of daim 3 wherein said bonding material comprises an activatable 
bonding material. 
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9 • ^^•f=^7»h™^^ to ^ 11 ^ ij 

°f applying said bonding material to at leas one of slid planar surfaces and prior to tbe sup of^ 
* -»■* rf «*« « «-* bondir* materi* ,„ a renewable ^ 

"0. ^»^ofci™8wher™^bo«fin e m^ fi ^ c< , mpiiscs , 

polymenzation initiator, 

PhM ° miat0r - "*"* ■* <*-*• of a sable imesfcee cerise, 

mteosiry and for a time sufficient to cause polymerization. 

12. ^"^ofclatam^^pc^^^^ coinprUes. thermal 
™*or and wherein s»d step of casing formation of. stab!. tacrSc. comprises hearing s»d 

^^^-dapposedsur^toa^per^e^^.^^^ 

cause polymerization. 



material. 



13- The method of chin, 1 wherein said cover member comprises an elastomeric 
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